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Visceral peritoneum is not essential for solute transport during
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Visceral peritoneum is not essential for solute transport during perito-
neal dialysis. The importance of visceral peritoneum in determining
transperitoneal solute exchange was studied by determining the influ-
ence of evisceration on diffusive solute transport during peritoneal
dialysis. Three series of experiments were performed in anesthetized
New Zealand White rabbits. Series 1 studies compared solute transport
rates from eviscerated rabbits (N = 5) with those from sham-operated
controls (N = 5). Series 2 studies compared solute transport rates from
eviscerated (N = 6) and sham-operated rabbits (N = 5)with application
of circumferential abdominal compression to control intraperitoneal
pressure and presumably maximize dialysate-peritoneum contact. Se-
ries 3 studies compared solute transport rates from sham-operated
rabbits (N = 4) with and without applied circumferential abdominal
compression. Transperitoneal solute exchange of creatinine and FITC-
labeled neutral dextran (15 to 40 A) was equally assessed by both the
dialysate to plasma concentration ratio at the end of the exchange and
the diffusive permeability-area product of the peritoneum. Evisceration
reduced creatinine (P < 0.001) and dextran (15 to 30 A, P < 0.05)
transport to approximately one quarter that of controls in series 1
rabbits. When circumferential abdominal compression was applied in
series 2 rabbits, however, evisceration had no effect on peritoneal
solute transport rates. Moreover, circumferential abdominal compres-
sion per se had no effect on solute exchange in series 3 experiments.
These findings demonstrate that the influence of evisceration on peri-
toneal solute transport depends on the experimental conditions. These
observations further demonstrate that visceral peritoneum is not essen-
tial for solute transport during peritoneal dialysis.
The increasing clinical use of peritoneal dialysis for the
removal of metabolites [1, 2] and the administration of drugs
and chemotherapeutic agents [3] demands a more thorough
understanding of the physiology of peritoneal solute transport.
Transperitoneal solute exchange occurs across both visceral
and parietal (including diaphragmatic) peritoneal surfaces, yet
the precise fractional contribution of each to net solute and fluid
transport remains unknown. Anatomical studies have suggested
that the total surface area of the peritoneum approximates total
skin surface area [4, 5] and that the numerous folds of the
visceral peritoneum constitute the major portion of peritoneal
surface area [6]. Although the vascularity of visceral and
panetal tissues is known to be different [7], conventional
wisdom relegates the majority of transperitoneal solute ex-
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change to that across the anatomically more extensive visceral
peritoneum with a lesser contribution from the parietal surface
[8].
Solute transport studies in animals regarding the relative
importance of visceral and parietal peritoneum in governing
transpentoneal solute exchange are conflicting. A dominant
role for visceral peritoneum in governing solute exchange was
suggested from studies showing that both drugs [9] and electro-
lytes [10] added to the peritoneal cavity subsequently appeared
in the portal vein earlier than in central venous blood. More
recent studies have questioned this traditional view. For exam-
ple, Flessner, Parker and Sieber [11] have demonstrated that
macromolecules were absorbed from the pentoneal cavity
preferentially into parietal tissues and the diaphragm. More-
over, other recent studies have demonstrated that the absorp-
tion of glucose [12] and metabolites [13—15] from the peritoneal
cavity is little influenced by mesenteriectomy, omentectomy, or
evisceration. In contrast to these latter studies, however, recent
work from this laboratory [16] demonstrated that evisceration
resulted in a dramatic decrease in solute transport during
peritoneal dialysis. Differences in study design and experimen-
tal conditions make resolution of these disparate observations
difficult. To resolve these discrepancies, the present studies
were designed to examine in more detail the effects of eviscer-
ation on transpentoneal solute exchange.
Methods
Subjects
Male New Zealand White rabbits weighing between 1.8 and
3.2 kg were employed; three series of peritoneal dialysis exper-
iments were performed. Series 1 studies compared solute
transport rates from eviscerated rabbits (N = 5) with those from
sham-operated controls (N 5). Series 2 studies compared
solute transport rates from eviscerated (N = 6) and sham-
operated controls (N = 5) with application of circumferential
abdominal compression to control intraperitoneal pressure and
presumably maximize dialysate-peritoneum contact. Series 3
studies compared solute transport rates from sham-operated
rabbits (N = 4) with and without applied circumferential
abdominal compression.
Surgical procedure
Rabbits were fasted overnight and anesthetized with
halothane during the experiment. The animals were placed
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supine on a heating pad maintained at 37°C and an indwelling
Foley catheter was inserted. Following a ventral neck incision,
the carotid artery and jugular vein were cannulated for blood
sampling and fluid infusion, respectively. After vessel cannula-
tion, a solution containing 0.45% NaCI and 2.5% dextrose was
infused at a rate of 2 mllmin up to a total volume of 20 mI/kg to
ensure adequate extracellular fluid volume prior to the admin-
istration of the test solute solution.
The abdominal surgical procedure for evisceration was as
follows. A ventral midline incision extending from the xiphoid
to the pubis was made, and the bowel was gently displaced from
the posterior abdominal wall to allow exposure of subjacent
mesentery and vessels. The distal sigmoid colon was located,
ligated proximally and distally, and divided. The inferior mes-
enteric vessels were next located, ligated with suture, and
divided. The dorsal mesentery was gently separated from the
posterior abdominal wall by finger dissection to the level of the
origin of the superior mesenteric vessels. The duodenum was
next ligated and divided. Using gentle finger dissection, the
transverse colon was carefully freed from its mesentery and the
duodenum was dissected away from the retroperitoneum. A
double ligature was then placed around the remaining vascular
pedicle comprising the celiac and superior mesenteric vessels,
and the vessels were divided permitting the removal of the
abdominal viscera and associated mesentery en bloc. Excess
greater omentum was trimmed from the gastric surface, and the
peritoneal cavity was gently rinsed with sterile isotonic saline
and checked for bleeding sites prior to closure. Bleeding
following evisceration was minimal and controlled with electro-
cautery. Prior to closure, a stab incision was made in the right
flank and a peritoneal dialysis catheter (Sil-Med, Taunton,
Massachusetts, USA) was placed and secured into position
with a purse-string suture. The midline incision was closed in a
double layer, with application of cyanoacrylate along the
deeper layer to prevent leakage of peritoneal dialysis solution.
The abdominal surgical procedure for the sham-operated
rabbits was identical to that for the eviscerated animals except
that the viscera were manipulated only and not surgically
removed.
Solutes
Creatinine was obtained from Sigma Chemical (St. Louis,
Missouri, USA). Dextran T10 and T40 fractions were obtained
from Pharmacia Fine Chemicals (Piscataway, New Jersey,
USA) and dextran T2000 from Sigma. Each dextran fraction
was labeled separately with 5-fluorescein isothiocyanate (FITC,
Eastman Kodak, Rochester, New York, USA), using the
method of de Belder and Granath [171.
Dialysis solution
The peritoneal dialysis solution used was Normosol R (Ab-
bott Laboratories, North Chicago, Illinois, USA), with 0.5%
dextrose added to achieve isotonicity with plasma. Normosol R
solutions had a pH of 6.8 and contained 140 mEq/liter sodium,
5 mEq/liter potassium, 98 mEq/liter chloride, 27 mEq/liter
acetate, 3 mEq/liter magnesium, and 23 mEq/liter gluconate.
FITC-labeled dextran T2000 was added to this solution at a
concentration of 0.01 mg/mI as a marker for measuring dialysate
volume using indicator dilution methodology [18].
Dialysis protocol
After hydration and surgical preparation, a 60-minute wash-
out exchange of the peritoneal cavity using only Normosol R
was performed. At the beginning of this washout exchange a
baseline arterial blood sample was obtained. All blood samples
were centrifuged (following capillary tube microhematocrit
determination), the plasma separated, and the red cells sus-
pended in Normosol R and reinfused into the animal. A priming
dose of test solutes consisting of 90 mg creatinine, 90 mg
FITC-labeled dextran Tb, and 40 mg FITC-labeled dextran
T40 dissolved in 20 ml of a 0.9% NaCI solution, was then
infused into the animal over a five minute interval. This was
followed by a constant infusion of a solution containing the
above test solutes to maintain their plasma concentrations
relatively constant. After 60 minutes the peritoneal cavity was
drained by gravity as completely as possible and the experiment
was initiated.
Isotonic dialysis solution (Normosol R containing 0.5% dex-
trose) warmed to 37°C was instilled into the peritoneal cavity
following drainage of the washout exchange. A 2 ml dialysate
sample was taken five minutes after dialysate infusion and at
fixed intervals during the exchange. Prior to each sampling,
dialysate was mixed by a gentle barbotage with a 20 ml syringe
for three minutes to ensure a representative sample from the
dialysis solution. An arterial blood sample was obtained con-
comitantly with each dialysate collection. At the completion of
the exchange the peritoneal cavity was drained as completely as
possible. Drainage was by gravity only and, with slight manual
agitation of the abdomen, was completed in less than five
minutes in all experiments. Following drainage, 30 ml of Nor-
mosol R solution was instilled into the peritoneal cavity. The
contents of the peritoneal cavity were mixed and an aliquot of
this solution was collected for calculation of the residual
volume of dialysis solution remaining after each drain. A
second exchange procedure was then commenced or the exper-
iment was terminated.
Urine output was monitored throughout each experiment,
and output in excess of the infusion volume was replaced
volume for volume with a solution containing 0.45% NaCl and
2.5% dextrose. At the completion of the experiment, the rabbit
was sacrificed with a barbiturate overdose and the peritoneal
cavity was examined.
Experimental series
Three series of experiments were performed to assess the
influence of evisceration on peritoneal diffusive solute trans-
port.
Experimental series 1. Eviscerated rabbits (group 1) and
sham-operated controls (group IC) underwent an 80-minute
isotonic exchange with 20-minute sampling intervals, A dialy-
sate volume of 50 mllkg body weight was employed in this
series. These experiments were very similar to those recently
reported [161.
Experimental series 2. It was speculated that dialysate vol-
ume in group I rabbits was inadequate to fill the larger size of
the peritoneal cavity following evisceration. Consequently,
solute transport may have been compromised by suboptimal
dialysate-peritoneum contact. In an attempt to maximize dialy-
sate-peritoneum contact following evisceration, the second
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experimental series employed external circumferential abdom-
inal compression to minimize abdominal circumference and
peritoneal cavity size. Moreover, it was likely that evisceration
altered intraperitoneal pressure and therefore fluid absorption
rates from the peritoneal cavity [11, 19—21]. Therefore, abdom-
inal compression was applied in both eviscerated rabbits (group
2) and sham-operated controls (group 2C) to achieve identical
intraperitoneal pressures. Both eviscerated and sham-operated
rabbits underwent two consecutive 120-minute isotonic ex-
changes with 40-minute sampling intervals. The consecutive
exchanges differed with respect to the quantity of dialysis
solution: a small-volume exchange of 30 mI/kg body weight and
a large-volume exchange of 100 mI/kg body weight.
The abdominal compression device (14 cm width blood
pressure cuff) was placed below the lower costal margin in both
eviscerated and sham-operated controls to minimize interfer-
ence with respiration. Compression was applied to maintain a
relatively constant intraperitoneal pressure of approximately
4.5 and 6.5 cm H20 during the small- and large-volume ex-
changes, respectively. Intraperitoneal pressure was measured
with a capillary manometer (4 mm bore) filled with isotonic
dialysate and connected to the peritoneal catheter via a three-
way stopcock. Patency of the system was verified by observing
the associated changes in intraperitoneal pressure during respi-
ration. The manometer was closed to the cavity during dialysate
mixing and sampling.
At the completion of the second exchange in these experi-
ments, 5 mg of Evans blue dye (Fisher Scientific, Tustin,
California, USA) were instilled into the peritoneal cavity and
mixed for five minutes to stain the exposed surfaces of the
peritoneum. The dialysate was drained by gravity, and 30 ml of
Normosol R was added for determination of residual volume as
described above. The animal was sacrificed, and the abdominal
and pleural cavities aspirated of residual fluid. The peritoneal
cavity was thoroughly examined by visual inspection of the
extent of staining of the Evans blue dye to morphologically
delineate the degree of dialysate-peritoneum contact.
Experimental series 3. The influence of circumferential ab-
dominal compression and intraperitoneal pressure per se on
transperitoneal solute exchange was assessed in sham-operated
animals. Rabbits (group 3) underwent a sham-operation fol-
lowed by two consecutive exchanges of 80-minutes employing
50 mllkg body weight of isotonic dialysis solution. One ex-
change was performed without and one with abdominal com-
pression (low and high intraperitoneal pressure, respectively,
Table 2).
Analytical techniques
FITC-labeled dextrans were analyzed using previously re-
ported methods [22—24]. A molecular weight characterization of
dextran in plasma and dialysate samples was determined in a
similar manner to that described previously using high perfor-
mance size exclusion (gel permeation) chromatography [22, 23].
Size exclusion chromatography was performed using a TSK-
G4000PW column with a column buffer containing 1.0 M am-
monium acetate and 0.05 M sodium phosphate, pH 9.0. A
Waters Model, 420-E fluorescence detector was employed for
monitoring changes in fluorescence in the column effluent, with
excitation at 450 nm (bandpass filter) and fluorescence at 500
nm (cutoff filter) being monitored [24]. Column calibration was
performed with FITC-labeled dextran standards with very low
polydispersity [22]. FITC-labeled dextran T2000 concentration
was taken as the relative height of the chromatogram at the
column void volume, and the concentration of dextran for all
other molecular weights was determined at appropriate reten-
tion volumes as determined from column calibration [22, 23].
The molecular or solute radii (R) of dextrans in A were
computed from previously reported data [25, 26]
R = 0.305M°47 (1)
where M denotes dextran molecular weight.
Creatinine concentrations were measured by an automated
Jaffe rate methodology (Creatinine Analyzer 2, Beckman In-
struments, Fullerton, California, USA). Osmolality was mea-
sured by the lowering of vapor pressure (Wescor, Logan, Utah,
USA).
Calculations
The dialysate concentration for all test solutes increased
continuously with time throughout an exchange; the increase in
dialysate concentration with respect to that in plasma was more
rapid for smaller solutes. For each experiment pentoneal solute
transport was assessed using two different approaches. First,
total overall peritoneal solute transport was assessed simply by
calculating the dialysate to plasma concentration ratio at the
end of the exchange (DF/P). During an isotonic exchange, such
an assessment of solute transport is independent of dialysate
volume estimates as a function of time but depends on both the
initial volume of isotonic dialysis solution and the length of the
dwell. The second approach was to calculate the diffusive
permeability-area product (PA) from the change in the dialysate
concentration and volume with time during an exchange [23].
During an isotonic exchange, where convective solute transport
can be assumed negligible, the change in the dialysis solution
concentration between two times points, t1 and t2, is given by
[23]
Cd(t2) = Cd(tl) —
PACb \ PACb
)[V(t2)/V(t,)](' + PAIq) +PA+q PA+q
(2)
where Cd denotes the dialysate concentration at the corre-
sponding time points and Cb denotes the constant plasma
concentration of the solute of interest. The value of PA has
units of volume per time (comparable to clearance) and is a
measure of peritoneal solute transport that is independent of
dwell time. Values of PA were estimated for each experiment
by comparing the data with equation (2) as described previously
[23].
Accurate estimates of the actual or true volume of dialysis
solution in the peritoneal cavity as a function of time are
difficult to obtain. It has been previously shown, however, that
the single estimate of dialysate volume V to employ when using
equation (2) to obtain the most accurate estimate of PA is that
obtained from indicator dilution methodology [27]. Therefore,
changes in dialysate volume were calculated from changes in
the concentration of FITC-labeled dextran T2000 in the dialysis
solution [18, 23]. No correction was made for loss of the marker
macromolecule from the peritoneal cavity. It should be empha-
sized that this indicator dilution volume is not an accurate
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Table 1. Parameters of experimental animals
Group N
Body Hct
weight
kg pre
Urine
volume
mlpost
5 3.0±0.2 39±2 35±4 66±29
1C 5 2.9±0.1 40±2 40±3 55±16
2 6 2.2 0,1 37 1 35 2 53 16
2C 5 2.4 0.1 38 1 39 ia 51 20
3 4 2.7±0.1 39±2 38±3 38±9
Significantly different (P < 0.05)
Table 2. Dialysis fluid volume and absorption parameters
ip
Group cm H20
Initial Final ID
infused volume
Final true
volume
Fluid
absorption
rate mI/mmvolume ml
1 ND 148 12 136 15 149 l4 —0.02 0,09b
IC ND 145 4 134 8 98 9 0.59 013b
2 4.4 0.1 65 3 62 5 62 7 0.02 0.04
6.4 0.1 232 8 221 10 212 8 0.09 0.06
2C 4.6 0.2 72 3 82 4 70 2 0.02 0.04
6.9 0.5 240 10 229 10 222 8 0.11 0.07
3 2.8 0.3C 133 3 141 16 118 5 0.16 0.04
6.4 O,2C 133 3 124 10 114 2 0.20 0.04
IP denotes intraperitoneal pressure, ID denotes indicator dilution and ND denotes not determined.
a Significantly different from each other (P < 0.05)' Significantly different from each other (P < 0.01)
C Significantly different from each other (P < 0.001)d with abdominal compression
estimate of the actual volume of dialysis solution within the
peritoneal cavity. The value of q is the transperitoneal ultrafil-
tration rate and was calculated from sequential indicator dilu-
tion estimates of dialysate volume [23].
The residual volume remaining after gravity drainage of the
spent dialysis solution was determined from the decrease in
FITC-labeled dextran T2000 concentration following instillation
of 30 ml of Normosol R solution into the peritoneal cavity at the
end of an exchange. In series 2 experiments the residual volume
after the first exchange was not measured and was assumed
equal to that after the second exchange. Calculated values of
residual volume averaged approximately 5 ml in eviscerated
animals and 10 ml in sham-operated controls (data not shown).
Aspirated fluid volumes from the peritoneal cavity at necropsy
averaged 3 ml (range 1 to 7 ml) when all groups were considered
together; these results are in reasonable agreement with the
calculated residual volume. Fluid volume in the pleural space
measured at autopsy was always less than 3 ml. The final true
volume of dialysis solution remaining in the peritoneal cavity at
the end of the exchange was therefore calculated as the sum of
the volume drained and the calculated residual volume. Fluid
absorption rates from the peritoneal cavity were calculated as
the difference between the infusion volume minus the sum of
the drained and the calculated residual volume divided by dwell
time.
Statistics
All experimental values are expressed as the mean the
standard error of the mean (5EM). Differences between groups
in experimental series 1 were assessed by Student's f-test for
unpaired data, differences between the study parameters in
experimental series 2 were assessed by analysis of variance or
by Student's t-test for unpaired data, and differences in series 3
were assessed by Student's f-test for paired data. Differences
were considered statistically significant at the 0.05 level.
Results
A comparison of animal weights and basic experimental
parameters is shown in Table 1. There were no differences in
these parameters between the experimental and control groups
except for hematocrit at the end of the experiment in series 2.
There was no evidence of intraperitoneal bleeding during any
experiment and blood loss during surgery was minimal. A lower
value of hematocrit at the end of the experiments in eviscerated
animals was possibly due to hemodilution from fluid infusion
into a reduced extracellular space following evisceration. One
rabbit in group 2 expired during the large-volume exchange;
only the data from the small-volume exchange was therefore
included in the reported results. There was no evidence of
hemorrhage or shock in any other animal. Moreover, cumula-
tive urine volume was similar in all groups studied and indicated
a similar degree of circulatory stability. No differences in initial
dialysate osmolality were observed in any experimental series
(data not shown).
Table 2 shows the parameters associated with transperitoneal
fluid movement in each experimental group studied. Intraperi-
toneal (i.p.) pressure was measured only during experimental
series 2 and 3. No diffeEences in i.p. pressure were measured in
series 2 animals during exchanges with comparable initial
dialysate volumes, In series 3 rabbits, however, i.p. pressure
616 Fox et a!: Peritoneal solute exchange surface
Dialysate
Group
volume
mi/kg
Abdominal
compression DF/P
PA
mi/mm
1 50 No 0.26 004b 0.53 0.07C
ic 50 No 0.72 007b 2.24 0.32C
2 30
100
Yes
Yes
0.79 0.05
0.55 0.05
1.06 0.17
1.44 0.03
2C 30
100
Yes
Yes
0.76 0.02
0.53 0.02
1.21 0.09
1.49 0.14
3 50
50
No
Yes
0.61 0.06
0.64 0.06
1.62 0.30
1.68 0.33
was greater (P < 0.001) during exchanges with applied abdom-
inal compression. Dialysate volume determined by indicator
dilution methodology remained relatively constant with time
during the exchange in each group. The only differences in
these parameters between groups were the lower final true
volume and therefore higher fluid absorption rate for the
sham-operated controls in series 1.
The creatinine concentration in the dialysis solution in-
creased continuously with time during each exchange, and
plasma levels of creatinine remained relatively constant. End-
dwell plasma creatinine concentrations were higher in eviscer-
ated rabbits than in sham-operated controls (data not shown),
but these differences were significant only in series 2 experi-
ments (P < 0.01). The fixed infusion dose and stable plasma
concentration of creatinine suggest that this result possibly
stems from either a smaller distribution volume or urinary
clearance for creatinine following evisceration. The end-dwell
dialysis fluid concentration for creatinine depended on both the
starting volume of dialysis solution and the length of the dwell
period.
Within each experimental series, however, initial dialysate
volumes and dwell times were matched. Consequently, the
value of the dialysis solution to plasma concentration ratio at
the end of the exchange (DF/P) can be employed to compare
rates of peritoneal solute transport. Values of DF/P for creati-
nine in each experimental series are shown in Table 3. Eviscer-
ation in experimental series 1 resulted in a smaller creatinine
DF/P value than that for sham-operated controls. These find-
ings indicate either a loss of effective transport area or altered
peritoneal permeability following evisceration and are quanti-
tatively consistent with previous observations from this labora-
tory [161. When abdominal compression was applied in a similar
experiment (series 2), there was no influence of evisceration on
creatinine DF/P values at either 30 or 100 mI/kg starting
dialysate volumes. Note, however, the lower DF/P values when
using a larger initial dialysate volume in these series 2 experi-
ments. Abdominal compression in series 3 experiments had no
effect on creatinine DF/P values.
Inferences from the calculated values of the diffusive perme-
ability-area product (PA) for creatinine were in agreement with
the DF/P ratios. Values of PA in series 1 experiments also
indicated a loss of solute transport capacity following eviscer-
ation. The creatinine PA value in eviscerated rabbits reported
here is virtually identical to that previously reported (0.51
0.13, N = 6) [161. When abdominal compression was applied in
series 2 experiments, however, there was no effect of eviscer-
ation on creatinine PA values. It is worthy of note that
creatinine PA values were slightly smaller, but not statistically
different, with smaller initial dialysate volume in these series 2
experiments. Moreover, there was no effect of abdominal
compression on creatinine PA values in series 3 experiments.
Dextran DF/P values are shown as a function of molecular
radius for experimental series 1 and 2 in Figures 1 and 2,
respectively. The DFIP values decreased with an increase in
molecular size as expected based upon the known dependence
of transperitoneal diffusion on molecular size [231. The effect of
evisceration on dextran DF/P values in series 1 and 2 experi-
ments paralleled that for creatinine DF/P values described
above. A significant decline in dextran DF/P values over the
molecular radius range from 15 to 30 A followed evisceration in
series 1 experiments (P <0.05, Fig. 1). Abdominal compression
and evisceration together, however, did not result in a decline
in dextran DF/P values (Fig. 2). In this experimental series
dextran DFIP values were smaller at large dialysate volumes
over the entire molecular size range studied (P < 0.01). Ab-
dominal compression in series 3 experiments had no effect on
dextran DF/P values (data not shown).
Dextran PA values are shown as a function of molecular
radius for the experimental series I to 3 in Figures 3 to 5,
respectively. In all groups dextran PA decreased with increas-
ing molecular size similar to that observed previously; all PA
values were proportional to the dextran diffusion coefficient in
free solution [23]. Again, inferences regarding alterations in
peritoneal solute transport using the parameter PA were iden-
tical to those using DFIP. A significant reduction in dextran PA
over the molecular size range of 15 to 25 A was observed
following evisceration in experimental series 1 (P < 0.01, Fig.
3). These proportional reductions in dextran PA suggest that
evisceration in series 1 experiments likely resulted from the loss
of effective transport area and not from alterations in peritoneal
permeability. No significant differences in dextran PA were
Table 3. Solute transport parameters for creatinine
a Dialysate to plasma concentration ratio at the end of the exchange
b Significantly different from each other (P <0,001)
C Significantly different from each other (P < 0.00 1)
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Fig. 1. Thedialysis fluid-to-plasma dextran concentration ratio (DF/P)
measured at the end of the exchange as a function of dextran molecular
radius for series 1 experiments. Individual data values are connected by
straight lines. Results are indicated by solid lines for sham-operated
controls and by dashed lines for eviscerated animals.
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Molecular radius,A
Fig. 2. The dialysis fluid-to-plasma dextran concentration ratio (DF/P)
measured at the end of the exchange as a function of dextran molecular
radius for series 2 experiments. Individual data values are connected by
straight lines. Results are shown for both initial dialysate volumes (DV)
and indicated by solid lines for sham-operated controls and by dashed
lines for eviscerated animals.
observed in series 2 experiments (Fig. 4). Moreover, abdominal
compression per se had no influence on dextran PA values in
series 3 experiments (Fig. 5).
In series 2 experiments direct assessment of dialysate-perito-
neum contact was performed by observing the discoloration of
peritoneal tissues via the addition of Evans blue dye to the
dialysis solution immediately prior to the completion of the
experiment. Postmortem examination revealed staining of the
entire parietal peritoneal membrane in both groups 2 and 2C
animals. Moreover, near complete staining of the surfaces of
diaphragmatic and visceral peritoneum (including pockets and
folds in the mesentery and bowel loops) was noted in group 2C
animals. Thus, circumferential abdominal compression resulted
in nearly complete contact between the dialysis solution and
peritoneum.
Discussion
The present observations demonstrate that the effect of
evisceration on peritoneal solute transport in a rabbit model of
peritoneal dialysis depends on the conditions of the experiment.
Series 1 experiments suggest that evisceration can lead to a
significant loss of solute transport capacity. These results are
consistent with a previous report from this laboratory [16] and
could be used to support the traditional view that the visceral
peritoneum is the predominant solute transport surface during
peritoneal dialysis.
Other studies in animals regarding the effect of evisceration
on peritoneal solute transport are inconsistent with the obser-
vations in series I experiments [12—15]. Albert, Takamatsu and
Fonkaisrud [12] observed that the glucose absorption rate from
the peritoneal cavity was minimally reduced after removal of
the omentum or partial resection of the small intestine. Resec-
tion of the omentum or 40% of the small intestine lowered the
glucose absorption rate only 6.5%. Moreover, resection of 60%
of the small intestine lowered the glucose absorption rate only
14%. In a series of subsequent reports Rubin et al [13—15] have
0.0
Molecular radius,A
Fig. 3. The diffusive permeability-area product (PA) for dextran plot-
ted as a function of dextran molecular radius for series 1 experiments.
Individual data values are connected by straight lines. Results are
indicated by solid lines for sham-operated controls and by dashed lines
for eviscerated animals.
demonstrated that the absorption of urea, creatinine, and inulin
from the peritoneal cavity is decreased only slightly, if at all,
following evisceration in dogs and rats. These previous exper-
iments, however, were limited primarily to the study of small
solutes and examined solute transport in the dialysate to blood
direction, whereas the present experiments assessed solute
transport in the opposite direction, as occurs during clinical
peritoneal dialysis. Our series 2 and 3 experiments, which
include molecules up to 40 A in radius, nevertheless confirm
these previous observations and demonstrate that the loss of
the visceral peritoneum does not necessarily lead to a loss in
solute transport capacity under the appropriate experimental
conditions. These observations may be of clinical importance as
it has been previously suggested that loss of 50% of peritoneal
surface area is an absolute contraindication to peritoneal dial-
ysis [28]. Interestingly, Alon, Bar-Maor and Bar-Joseph [291
have recently demonstrated in the human that peritoneal dial-
ysis can be successfully performed during acute renal failure in
an infant following virtually complete resection of the small
intestine.
Several factors complicate the further interpretation of peri-
toneal dialysis studies involving evisceration. As highlighted by
Rubin et al [13—15], surgical evisceration may alter certain
geometrical as well as physiological transport variables. These
complicating variables could result in either an increase or a
decrease in peritoneal solute transport. For example, removal
of the viscera creates an abnormal space within the peritoneal
cavity that potentially alters the contact of dialysis solution with
remaining peritoneum as well as the mixing of the peritoneal
dialysis solution. In addition, surgical removal of the abdominal
viscera could alter other important physiological transport
variables such as peritoneal diffusive permeability and blood
flow rate, general hemodynamic stability, and intraperitoneal
pressure.
It seems likely, however, that changes in peritoneal solute
transport observed in series 1 experiments were due to a loss of
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Fig. 4. The diffusive permeability-area product
(PA) for dextran plotted as a function of dextran
molecular radius for series 2 experiments.
Individual data values are connected by straight
lines. Results are shown for both initial dialysate
volumes (DV) and indicated by solid lines for
40 sham-operated controls and by dashed lines for
eviscerated animals.
0.1
0.0
25
Molecular radius,A
Fig. 5. The diffusive permeability-area product (PA) for dextran plot-
ted as a function of dextran molecular radius for series 3 experiments.
Individual data values are connected by straight lines. Results from
sham-operated animals are indicated by solid lines with applied circum-
ferential abdominal compression and by dashed lines without abdomi-
nal compression.
functional surface area available for exchange and not to major
changes in the other important physiological transport param-
eters. The proportional decrease in peritoneal transport follow-
ing evisceration to approximately 25% of that in sham-operated
controls for all solutes studied suggests that there was not a
significant alteration in the permeability of the peritoneum
following evisceration. Additionally, comparison of PA values
between eviscerated and sham-operated animals in series 2
does not suggest altered permeability of the peritoneum follow-
ing evisceration. Although invasive hemodynamic monitoring
was not employed in the present studies, general hemodynamic
stability was evidenced in series I experiments by a stable
hematocrit and respiratory pattern as well as similar urine
volumes between control and eviscerated rabbits. Rubin et al
have previously assessed hemodynamic stability following evis-
ceration by measuring mean arterial blood pressure and re-
gional blood flow rates [13—IS]; no significant difference follow-
ing evisceration in mean blood pressure was observed. It is of
interest to note that even if mean arterial blood pressure had
fallen to very low levels, this would probably not have altered
transperitoneal solute exchange. Indeed, others have previ-
ously shown that reduction of mean arterial blood pressure in
intact animals to approximately 40% of control levels leads to
only small [30] or no significant [31] losses in peritoneal solute
transport efficiency.
Series 2 experiments were designed to test whether the
decrease in peritoneal solute transport observed following
evisceration in series 1 was due to anatomic loss of effective
transport surface area (visceral peritoneum) or to other possi-
bilities, such as the loss of contact of parietal peritoneum with
dialysis solution. In these experiments circumferential abdom-
inal compression was applied to contract peritoneal cavity size
following evisceration and presumably maximize dialysate-
peritoneum contact. Moreover, two disparate volumes of dial-
ysis solution were employed to test the importance of dialysate
volume on transperitoneal solute exchange under these condi-
tions. Intraperitoneal pressure was monitored to ensure that
circumferential abdominal compression maintained this param-
eter equal in both eviscerated and sham-operated animals. In
this series of experiments alterations in starting dialysate vol-
ume had the expected major influence on the end-dwell dialy-
sate to plasma concentration ratio (DF/P) as well as the ex-
pected minor influence on the diffusive permeability-area
product (PA) [32]. In sharp contrast to series 1 experiments,
however, evisceration had no effect on transperitoneal solute
exchange when accompanied by abdominal compression. The
application of circumferential abdominal compression was as-
sociated with recovery of pentoneal solute transport efficiency
following evisceration, presumably by improving dialysate-
peritoneum contact.
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In addition to altering dialysate-peritoneum contact, how-
ever, circumferential compression of the abdomen may influ-
ence peritoneal solute transport by other mechanisms. First,
the increase in intrapentoneal pressure caused by abdominal
compression may influence blood flow to the peritoneum.
Previous studies have shown, however, that increases in intra-
peritoneal pressure result in decreases in capillary blood flow in
the portal system [33]. The results of series 3 experiments
lemonstrate that abdominal compression and increased intra-
peritoneal pressure have no effect on transperitoneal solute
exchange in sham-operated rabbits. Moreover, compression of
parietal tissues during circumferential abdominal compression
would not be expected to enhance the rate of blood flow and
solute delivery to the parietal peritoneal surface. Second,
abdominal compression could alter the diffusive permeability
properties of the peritoneum. Any degree of parietal tissue
compression as a consequence of abdominal compression
would more likely lead, however, to a decrease in the perme-
ability of the parietal peritoneum. Additionally, results of series
3 experiments argue against significant alterations in peritoneal
membrane permeability resulting from circumferential abdom-
inal compression per Se. Finally, abdominal compression could
induce geometrical changes that may increase peritoneal sur-
face area following evisceration. During circumferential abdom-
inal compression, the peritoneal cavity assumes a less spherical
shape that may lead to a relative increase in peritoneal surface
area and an increase in peritoneal solute transport [34]. It seems
unlikely, however, that geometrical changes of the peritoneal
surface would sufficiently enhance peritoneal surface area to
account for preserved solute transport observed in series 2
experiments.
It is tempting to conclude from these experiments that
visceral peritoneum has only a minor role in governing solute
transport during peritoneal dialysis in the intact animal. There
are other possible interpretations. For example, it is possible
that visceral peritoneum is the predominant transport surface
during peritoneal dialysis in the intact animal and the contact
between visceral and parietal peritoneum reduces the surface
area of both membranes exposed to dialysate. As suggested by
Rubin et al [13], evisceration may expose a greater parietal
surface area to dialysis solution, thereby maintaining overall
transperitoneal solute exchange. If so, mutual reduction in
effective visceral and parietal peritoneal surface areas resulting
from such membrane apposition must be maximal in the intact
animal, since no further reduction in solute transport was noted
in group 3 animals when abdominal compression was applied.
This phenomenon might explain the previously noted disparity
between estimates of the anatomical and functional peritoneal
membrane surface area [35].
The participation of other visceral structures in solute ex-
change must also be considered. Following evisceration in rats,
for example, Rubin et at [14] demonstrated that blood flow to
the liver increased two to four times control values. This
observation is relevant to the present study as the stomach and
liver remained intact following evisceration. Although the stom-
ach and liver are not traditionally thought to contribute sub-
stantially to transperitoneal solute exchange, Pietrzak et al [36]
have recently suggested that the liver may be an important
transporting surface. Further, more conclusive, studies regard-
ing the importance of individual tissues in governing transperi-
toneal solute exchange are needed to resolve this important
issue.
An interesting observation arose from a comparison of fluid
absorption rates between sham-operated controls with and
without abdominal compression. For sham-operated controls
without circumferential abdominal compression (group 1C and
group 3 without abdominal compression) the fluid absorption
rate was 0.40 0.10 ml/min (N = 9). This value is comparable
with fluid absorption rates determined in a separate series of
experiments in this laboratory on awake New Zealand White
rabbits undergoing peritoneal dialysis of 0.30 0.03 mllmin (N
= 24, unpublished observations). In contrast, for sham-oper-
ated controls with circumferential abdominal compression
(group 2C and group 3 with abdominal compression) the fluid
absorption rate was 0.12 0.05 ml/min (N = 9). The fluid
absorption rate with abdominal compression was lower (P <
0.05) despite an increased intraperitoneal pressure. There was
no observed difference between groups in the rate or depth of
respiration to account for these disparate fluid absorption rates.
This seemingly paradoxical decrease in fluid absorption from
the peritoneal cavity despite an increase in intraperitoneal
pressure supports a possible rote for the parietal peritoneum as
a route for fluid absorption from the peritoneal cavity. These
findings are consistent with the hypothesis of Ftessner et al [211,
who suggested that increased fluid absorption associated with
high intraperitorteal pressures occurs predominantly into pan-
etal tissues. If this is true, then diminished fluid absorption with
abdominal compression may result from tissue compression or,
alternatively, from the external compressive force opposing the
intraperitoneal hydrostatic pressure that normally would favor
fluid absorption into panietal tissues.
It is concluded that transperitoneal solute exchange may not
be significantly compromised following the removal of the
majority of visceral peritoneum in the rabbit. Although specu-
lative, these and other studies suggest that the visceral penito-
neum may be a less important transporting surface during
peritoneal dialysis in the intact animal. Future studies regarding
peritoneal solute transport should focus attention on both
parietal and visceral peritoneum as important surfaces govern-
ing solute exchange during peritoneal dialysis.
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